Schneiderian papillomas and nonsalivary glandular neoplasms of the head and neck continue to be a source of confusion for both the clinician and pathologist. An update on these lesions is provided. 
Schneiderian papillomas and nonsalivary glandular neoplasms of the head and neck are uncommon and, by light microscopy, often exhibit overlapping papillary and/or glandular features. As a result, they may be confused or even mistaken for metastatic tumors. A review of selected lesions follows.
SCHNEIDERIAN PAPILLOMAS
The ectodermally derived ciliated respiratory mucosa that lines the sinonasal tract, so-called Schneiderian membrane, gives rise to three morphologically distinct papillomas. These are referred to individually as the fungiform, inverted, and oncocytic papillomas or, collectively, as Schneiderian papillomas.
Ever since their first recognition by Ward in 1854 (1), papillomas of the sinonasal tract have been the center of controversy over their nomenclature, etiology, pathology, and biological behavior. Over the years, more than 50 different terms have been applied to these lesions. It was Hyams who, in 1971 (2), largely brought some order to this chaos when he reported the clinicopathological features of 315 Schneiderian papillomas on file at the Armed Forces Institute of Pathology and proposed that they be subclassified into three types, as basically noted above.
There are some, however, who still consider these three lesions to be a single entity and group them together under such generic terms as papilloma, papillomatosis, or Schneiderian papilloma (3, 4) . Others are firmly convinced that there are sufficient clinical, pathological, and potential etiological differences among these papillomas to warrant their separation (5) .
As a group, Schneiderian papillomas are uncommon, representing only 0.4 -4.7% of all sinonasal tumors (6) . Nasal polyps for instance, are stated to be 25-60 times more common than papillomas (3, 7) .
Although the etiology is unsettled, a viral origin, at least for the fungiform and IPs, has been proposed. An association with allergy, inflammation, smoking, environmental noxious agents, or occupation is not convincing (2, 8) .
Although Fu et al. (9) have reported a series of nine patients with Schneiderian papillomas who also had a history of genital and/or anogenital papillomas, it is generally concluded that patients with sinonasal papillomas do not exhibit an increased tendency for developing papillomas in other sites.
The frequency of the various types of Schneiderian papillomas varies according to institution. In a collective review of 728 cases, 32% were of the fungiform type (range, 6 -50%); 62%, inverted (range, 47-78%); and 6%, oncocytic (range, 2-26%) (2, 5, 10 -12; Table 1 ). between 20 and 50 years of age (range, 21-87 years) (2, 13) . They characteristically arise on the nasal septum, usually the anterior portion; only 4 -21% originate in or involve the lateral nasal wall (2, 14, 15) . Involvement of the paranasal sinuses is distinctly unusual, if indeed it occurs at all. There is no significant lateralization to either side of the nose. Generally solitary and discrete, they may be multifocal, but bilaterality is rare (3.6%) (11) . Epistaxis, unilateral nasal obstruction, or the presence of an asymptomatic mass are the typical presenting symptoms.
On physical examination, FPs appear as exophytic, papillary, or warty; gray, pink, or tan; nontranslucent growths attached to the nasal septum by a relatively broad base.
Etiology
There is increasing evidence to suggest that FPs may be etiologically related to the human papilloma virus, especially types 6 and 11, rarely Types 16 and 57b. In a collective review of 79 FPs evaluated for the presence of human papillomavirus (HPV) by in situ hybridization and/or the polymerase chain reaction, 45 (57%) were HPV positive (9 -11, 16 -21) .
Radiography
Radiographic evaluation of FP is generally not indicated. At most, the lesion will appear as a soft tissue density along the nasal septum with little, if any, evidence of septal erosion.
Pathology
Most FPs range from a few millimeters up to about 2 cm. Microscopically, they are composed of papillary fronds with delicate fibrovascular cores covered by epithelium, 5-20 cells thick, that varies from squamous to transitional (intermediate) to ciliated, pseudostratified columnar (respiratory; Fig.  1 ). Scattered mucin-containing cells, representing residual goblet cells, are common. Surface keratinization is absent or scant, unless the patient is a 'nose picker' and irritates the lesion or if the papilloma is unusually large and hangs into the nasal vestibule, where it is more exposed to the drying effect of ambient air. In these instances, surface keratin may be apparent. Mitoses are rare and never atypical, and unless infected or irritated, the stroma contains few inflammatory cells.
Although Norris (13) and Buchwald et al. (22) have each described a FP associated with an invasive squamous cell carcinoma, this is an exceptional occurrence. Most authorities agree that FPs, in contrast with other Schneiderian papillomas, are not associated with an increased incidence of carcinoma.
Differential Diagnosis
FPs must be distinguished from the much more common, keratinizing cutaneous papillomas (e.g., verruca vulgaris) occurring in the nasal vestibule. The lack of extensive surface keratinization and the presence of mucous cells (accentuated by mucin stains) and ciliated and/or 'transitional' epithelium serve to distinguish FPs from cutaneous papillomas. In addition, the presence of minor salivary glands and septal cartilage further indicate that the lesion is of mucosal rather than cutaneous origin.
Treatment and Prognosis
Complete surgical excision is the treatment of choice. Because the majority of recurrences tend to occur in the site of previous removal, inadequate excision rather than multiplicity of lesions probably accounts for the 22-50% incidence of local recurrence that has been reported in the past (2, 7, 13) .
Inverted Papilloma

Clinical Features
Inverted papillomas (IP) are two to five times more common in males and are found primarily in the 40 -70-year age group (2, 3, 8, 14, 15, (23) (24) (25) (26) (27) (28) (29) (30) . The 6-year-old boy included in the series of Eavey (31) is one of the youngest patients yet described with this papilloma.
These papillomas characteristically arise from the lateral nasal wall in the region of the middle turbinate or ethmoid recesses and often extend secondarily into the sinuses, especially the maxillary and ethmoid and, to a lesser extent, the sphenoid and frontal. Isolated lesions of the paranasal sinuses without nasal involvement, however, do occur (32) . Only about 8% of IPs arise from the nasal septum (33) . Their rarity on the nasal septum may, in part, be related to the fact that there is little soft tissue in the septum for the lesion to invert into before it meets the resistance of the underlying septal cartilage, which in turn would force the lesion to grow exophytically.
Although reported to be bilateral in 0 -10% of cases, such an occurrence should always arouse the suspicion of septal erosion and perforation from unilateral disease (2, 3, 15, 24, 29) .
Exceptionally, IPs may arise in sites other than the sinonasal tract. They have been recorded in middle ear-mastoid (34), pharynx (35, 36) , nasopharynx (37), lacrimal sac (38) , and possibly in the wall of a branchial cleft cyst (39) . It has been suggested that ectopic migration of the Schneiderian membrane during embryogenesis could account for these aberrant papillomas in sites contiguous with the sinonasal tract (2) . Whether all of these ectopic cases are bona fide IPs is uncertain.
Unilateral nasal obstruction is the most common presenting symptom. Other manifestations include nasal drainage, epistaxis (10 -20% of cases), anosmia, headaches (especially frontal), epiphora, proptosis, and diplopia. Pain, on the other hand, is an uncommon initial complaint, occurring in only about 10% of all cases. When present, it should always arouse suspicion of secondary infection or even a malignant change (24) .
On physical examination, IPs present as pink, tan, or gray; nontranslucent; soft to moderately firm polypoid growths with a convoluted or wrinkled surface (Fig. 2) .
Etiology
Although IPs have long been suspected of being of viral origin, viral inclusions have never been unequivocally demonstrated by either light or electron microscopy. In addition, they are almost invariably negative when stained for HPV by the immunoperoxidase technique. Recently, however, some investigators have demonstrated HPV genomes in IPs by in situ hybridization or the polymerase chain reaction, particularly HPV 6 and 11, sometimes HPV 16 and 18, and exceptionally, HPV 57. The frequency of finding the virus by these specialized techniques is highly variable, ranging anywhere from 0 to 100% (9 -11, 16 -21, 40 -50) . In a collective review of 341 IPs evaluated for the presence of HPV by a variety of sophisticated molecular techniques, 131 (38%) have been positive.
Macdonald et al. (51) have found evidence of the Epstein-Barr virus (EBV) DNA in 13 of 20 (65%) IPs by polymerase chain reaction and have raised the possibility that this virus might be involved in its pathogenesis. Gaffey et al. (21) ,on the other hand, in an in situ hybridization study of 19 IPs (one of which was associated with squamous cell carcinoma), found no evidence of EBV. Obviously, more studies are needed to resolve these conflicting data and the relationship, if any, between IP and EBV.
Radiography
The radiographic findings vary with the extent of the disease (52) . Early on, there may be only a soft tissue density within the nasal cavity and/or paranasal sinuses. Later, with more extensive disease, unilateral opacification and thickening of one or more of the sinuses is common, as are expansion and displacement of adjacent structures. Pressure erosion of bone may also be apparent and must be distinguished from osseous invasion associated with malignancy. Extensive bone destruction should always raise the possibility of a carcinoma arising in and/or associated with an IP. 
Pathology
Microscopically, IPs are composed of hyperplastic ribbons of basement membrane-enclosed epithelium that grow endophytically into the underlying stroma (Fig. 3) . The epithelium is multilayered, usually 5-30 cells thick, and formed of squamous or ciliated, columnar (respiratory epithelial) cells admixed with goblet cells (Fig. 4) . Nonkeratinizing squamous epithelium tends to predominate, but occasionally a case may be composed almost entirely of respiratory epithelium. Gradations between these two extremes are not uncommon, resulting in a transitional epithelium reminiscent of that seen in the urinary tract. All of these epithelial types may be present in the same lesion, and their proportions may vary widely in different lesions or even in different areas of the same papilloma. Mitoses are not numerous and, if present at all, are seen primarily in the basal and parabasal epithelium.
Ten to 20% of IPs may show focal surface keratinization and 5-20% varying degrees of dysplasia (2, 8, 23, 49, 53, 54) . These are not necessarily signs of malignancy, but they should alert the pathologist of the need for thorough evaluation of the papilloma.
The stroma ranges from dense and fibrous to loose and myxoid, with or without an inflammatory component. The inflammatory cells, especially neutrophils, often transmigrate through the epithelium. Eosinophils and basement membrane thickening are not typically seen (Fig. 4) . Minor salivary glands are also sparse to absent because of the fact that the abnormal epithelium uses the salivary ducts and glands as scaffolds to extend into the stroma, thereby obscuring their normal appearance.
As IPs enlarge, they may obstruct the drainage of nearby sinuses. As a result, it is not uncommon to also find ordinary nasal polyps in IP specimens.
They can usually be identified grossly by their more myxoid appearance and the fact that they will transilluminate, whereas IP will not.
Rarely, an IP will exhibit focal surface changes reminiscent of a verruca vulgaris; that is, it will show focal papillary squamous epithelial hyperplasia with marked keratosis and/or parakeratosis, with or without a prominent granular cell layer, and often contain numerous vacuolated cells suggestive of koilocytes. Although this might be a viral effect, immunohistochemical stains for HPV are invariably negative. When this change is observed, the diagnosis of 'IP with focal verrucoid (verrucous) hyperplasia' might be appropriate. This change has no clinical significance other than it might be mistaken for a verrucous carcinoma (see later section on differential diagnosis).
Carcinoma and IP
IPs are occasionally complicated by carcinomas, especially squamous cell carcinoma and, to a much lesser extent, verrucous (55) , mucoepidermoid (3), spindle and clear cell carcinomas (7) , as well as adenocarcinoma (52), The incidence of malignant change in individual series of IPs has ranged anywhere from 2 to 27% (2-4, 8, 10, 14, 25-30, 45, 48, 49, 53, 54, 56 -60) . In a collective review of 1390 IPs reported in the literature, 150 (11%) were associated with carcinoma.
Patients with IPs that are associated with carcinomas fall into three groups: (1) those who have primarily an IP with only a small focus of carcinoma, (2) those who have primarily a carcinoma with only a small focus of IP, and (3) those who have an IP and then years later develop a carcinoma in the area in which the papilloma arose.
Of all carcinomas associated with IPs, approximately 61% are synchronous and 39% metachronous. For metachronous carcinomas, Lesperance and Esclamado (60) observed the mean interval between the onset of the IP and the development of carcinoma to be 63 months (range, 6 mo to 13 years).
Carcinomas complicating IPs vary from well to poorly differentiated and exhibit a broad range of behavior. Some are in situ and of little consequence, whereas others are locally aggressive or may even metastasize.
The carcinomas may actually arise within the papilloma (carcinoma ex IP), as evidenced by a gradation of histologic changes ranging from dysplasia to carcinoma in situ to frankly invasive carcinoma; whereas in others, the carcinoma is merely associated with a histologically bland IP. Once a carcinoma is recognized, the pathologist should not only indicate the histologic type, the degree of invasion and differentiation, and the adequacy of resection margins (if possible) but also quantitate its volume (e.g., the specimen consists of 30% IP and 70% poorly differentiated squamous cell carcinoma).
There is no correlation between the number of local recurrences of an IP and the subsequent development of carcinoma (24) . There is some evidence, however, to suggest that HPV 16 and 18 may be more carcinogenic than HPV 6 and 11 (45, 46, 49) . In the studies of Klemi et al. (45) (32%) were aneuploid, and of the 6 that were aneuploid, 2 (33%) were associated with carcinomas. Only 1 of the 13 (8%) diploid IPs was associated with carcinoma. They indicated that if the papillomas were both HPV 16 positive and aneuploid, the incidence of malignant transformation was even higher.
Preliminary data suggest that alterations in p53, manifested by an increased protein expression or genetic mutation, may be used to predict which lesions are at risk for malignant changes (61) (62) (63) . CD44s may likewise prove useful. According to Ingle et al. (64) , CD44s is diffusely expressed in typical IPs, whereas in IP with an invasive squamous cell carcinoma, the expression of CD44s in the malignant component is reduced or absent.
Differential Diagnosis
The differential diagnosis includes nasal polyps with squamous metaplasia, respiratory epithelial adenomatoid hyperplasia, inverted ductal papilloma (IDP) of minor salivary gland origin, and invasive carcinoma.
In nasal polyps with squamous metaplasia, one will usually see thickening and hyalinization of the basement membrane, prominent minor salivary glands, and, often, a large number of inflammatory cells, especially eosinophils. These features are absent in IP. In addition, the epithelium lining the minor salivary glands in nasal polyps is not multilayered, contains more mucous cells, and does not show the characteristic epithelial transmigration of neutrophils.
Features that are useful in distinguishing respiratory epithelial adenomatoid hamartoma from IP are covered in the section below titled "Respiratory Epithelial Adenomatoid Hamartoma." Although IDP and IP share similar names, they should not be confused (65) . The former is innocuous compared with the potentially locally aggressive behavior of the latter. In contrast to IP, which arises from the surface epithelium and grows endophytically, IDP arises from the excretory duct of minor salivary glands; hence it will grow intraluminally and be confined by the duct.
Invasive carcinoma can be distinguished from the ordinary IP by the presence of the following features in the former lesion and their absence in the latter: cellular pleomorphism, atypical mitoses, keratin pearls, loss of basement membranes, and unequivocal invasion associated with an inflammatory-desmoplastic stromal response.
Treatment and Prognosis
Inverted papillomas are thought to enlarge by squamous metaplasia of the adjacent mucosa. Though histologically benign, they have an unlimited growth potential and, if neglected, can cause considerable morbidity or even death by extending into contiguous structures (66) . Attempts to remove these lesions intranasally by snare and avulsion have resulted in 'recurrence" (or persistence) rates of 0 to 74% (average, 60%) (30) .
The preferred treatment for most lesions is a lateral rhinotomy and medial maxillectomy with meticulous removal of all mucosa in the ipsilateral paranasal sinuses (25, 55) . With this approach, the incidence of recurrence averages 16% (range, 0 to 30%) (30) . In selected, very small tumors, one may, however, be able to effectively remove the lesion by a less aggressive approach using endoscopic sinonasal surgery (67) .
Although surgery is, and should remain, the primary treatment modality for IP, Mendenhall et al. (68) have suggested that radiation therapy may have merit in a small subset of patients with advanced or incompletely resected tumors. Radiation therapy should also be considered as an adjunct in patients who have carcinomas arising in IPs.
Recurrences typically appear within 2-3 years of therapy but, in some instances, are delayed for many years. Attempts to correlate histologic features with risk of recurrence have resulted in conflicting data. Some maintain that the presence of epithelial atypia and mucin cells render the patient at increased risk (3), whereas others comment on the lack of association with any microscopic feature (2, 30, 53, 69) . Even those with prominent mitotic activity and dysplasia do not invariably show an increased incidence of recurrence or malignancy. Nevertheless, dysplasia, especially if moderate to severe, demands thorough microscopic evaluation of all resected tissue so as to avoid overlooking small foci of cancer.
Whether the demonstration of HPV in IP is associated with a greater risk of local recurrences is also open to debate. Beck et al. (49) noted that patients whose IP contained HPV often developed relapses, whereas Furuta et al. (48) found no relationship between HPV infection and local recurrence.
Oncocytic Schneiderian Papilloma (Cylindrical Cell Papilloma, Columnar Cell Papilloma)
Clinical Features
Oncocytic Schneiderian papilloma (OSP) is the rarest of the three morphologic variants of Schneiderian papillomas (2, 5, 10, 70 -72) . It shows many features in common with the IP. In fact, some regard it as only a variant of the IP. Microscopically, however, the two lesions are distinct.
OSP is equally distributed between the sexes, and the majority of the patients are Ͼ50 years of age at the time of diagnosis. The youngest patient reported thus far in the literature has been a 33-yearold woman (73) .
OSP occurs exclusively on the lateral nasal wall or in the sinuses, usually the maxillary or ethmoid, and presents as a fleshy pink, tan, red-brown, or gray papillary or polypoid growth. Unilateral nasal obstruction and intermittent epistaxis are the most common symptoms.
Etiology
At least 22 cases of OSPs have been examined by in situ hybridization and/or polymerase chain reaction for the presence of HPV, and all have been negative (10, 11, 16, 17, 21) . This is in contrast to the fungiform and IPs in which HPV has been found in many instances. Although this may be a sampling problem, it does suggest that the OSP is not etiologically linked to this virus.
Radiography
The radiographic features are identical to those of the IP described above.
Pathology
Microscopically, OSP exhibits both exophytic and endophytic patterns of growth. The epithelium is multilayered, 2-8 cells thick, and is composed of tall columnar cells with swollen, finely granular cytoplasm reminiscent of oncocytes (Fig. 5) . Barnes and Bedetti (70) have shown that the cells not only resemble oncocytes but also possess a high content of cytochrome c oxidase and ultrastructurally are distended with mitochondria, thus clearly establishing their oncocytic character. The nuclei are either small dark and uniform or slightly vesicular with barely discernible nucleoli. Cilia in varying stages of regression may be observed in a few of the outermost cells.
The epithelium characteristically contains numerous small cysts filled with mucin or neutrophils (microabscesses; Fig. 5 ). The stroma varies from edematous to fibrous and may contain modest numbers of lymphocytes, plasma cells, and neutrophils, but few eosinophils. Minor salivary glands are sparse to absent.
Carcinoma and OSP
Approximately 4 -17% of all OSPs may harbor a carcinoma (2, 70, 74, 75) . Most of these are squamous, but mucoepidermoid, 'transitional,' and sinonasal undifferentiated carcinomas have also been described (74, 75) .
As in IP, the carcinoma complicating OSP may actually arise within the papilloma, as evidenced by a gradation of histologic changes ranging from dysplasia to in situ to invasive carcinoma, or it may merely be associated with the OSP. Prognosis depends on the histologic type, degree of invasion, and the extent of tumor. In some instances, the carcinoma is in situ and of little consequence to the patient, whereas others are locally aggressive and may even metastasize.
Differential Diagnosis
The intraepithelial mucin-filled cysts, because of their spheroidal nature and mucicarminophilia, are often mistaken for rhinosporidiosis. In rhinosporidiosis, however, the organisms are not limited to the epithelium but also involve the stroma and, moreover, never induce a diffuse oncocytic change in the epithelium. The OSP is also occasionally mistaken for a low-grade papillary adenocarcinoma. The presence of intact basement membranes, the lack of nuclear pleomorphism, mitotic activity, perineural invasion, and the absence of extensive bone destruction on radiographs are features that point to the benignity of the tumor. Furthermore, the stratified oncocytic epithelium of an OSP is in distinct contrast to the single-layered, nononcocytic epithelium seen in a low-grade adenocarcinoma.
Treatment and Prognosis
The clinical behavior parallels that of the IP. Effective treatment consists of a lateral rhinotomy and medial maxillectomy. If inadequately excised, at least 25-35% will recur, usually within 5 years of treatment. Smaller tumors may be treated endoscopically.
RESPIRATORY EPITHELIAL ADENOMATOID HAMARTOMA
Terminology
Hamartomas (from the Greek, hamartia, meaning fault or defect) are benign, nonneoplastic overgrowths of tissue(s) indigenous to the area of their occurrence (76) . They may be composed entirely of epithelial or mesenchymal elements or of both and should be distinguished from teratomas and dermoids (77) (78) (79) (80) (81) (82) (83) (84) .
Hamartomas of the sinonasal tract are uncommon and most often of the epithelial type. In 1995, Wenig and Heffner (85) described 31 cases of a unique benign glandular proliferation of respiratory epithelial cells of the nasal cavity, paranasal sinuses, and nasopharynx and designated the lesions as 'respiratory epithelial adenomatoid hamartomas (REAH).' They postulated that they arose from the surface epithelium in the setting of inflammatory polyps and were in all likelihood etiologically related to the inflammatory process. Their importance lies in the fact that they may be confused with more aggressive lesions, particularly the IP and sinonasal adenocarcinoma.
Clinical Features
Of the 31 REAHs described by Wenig and Heffner, 27 occurred in men and 4 in women who ranged in age from 27 to 81 years (median, 58 years). Most were unilateral and arose from the nasal cavity (22 cases, 71%), particularly the posterior nasal septum and, to a lesser extent, along the lateral nasal wall, middle meatus, and inferior turbinate. A few, however, were bilateral. The remaining cases occurred in the nasopharynx and paranasal sinuses.
Nasal stuffiness, obstruction, epistaxis, and chronic rhinosinusitis were the most common manifestations.
Pathology
REAHs are typically polypoid or exophytic, rubbery, tan-white to red-brown, and range up to 4.9 cm. in greatest dimension. Histologically, they are composed of small to medium sized, round to oval glands lined by ciliated respiratory epithelium, often with numerous, admixed mucin-secreting (goblet) cells (Fig. 6) . The glands arise from invagination of the surface epithelium into the lamina propria and, consequently, often maintain direct continuity with the surface. The glands are widely spaced and characteristically surrounded by thick, eosinophilic basement membranes (Fig 7) . The stroma is well vascularized, edematous, or fibrous and contains scattered chronic inflammatory cells.
Mucoserous (minor salivary) glands are also occasionally seen in a lobular configuration. Whether they are part of the hamartoma or just a reactive hyperplastic response to the inflammation is uncertain, although the latter is favored (85) . A few may also contain chondro-osseous foci (81) .
Interestingly, 2 of the 31 patients with REAHs described by Wenig and Heffner (10) had additional simultaneous lesions; one had a combined ipsilateral REAH and IP and the other a solitary fibrous tumor on the side contralateral to the REAH.
Differential Diagnosis
REAHs are most often confused with ordinary nasal polyps, IPs, and adenocarcinomas. The presence of excess glands lined by respiratory epithelium readily distinguishes this lesion from a nasal polyp. In contrast to REAH, which occurs primarily Adenocarcinomas are characterized by a back-toback arrangement of their glands, occasional nuclear pleomorphism, prominent mitotic activity, perineural invasion, and a desmoplastic response to stromal invasion. These features are not seen in REAH.
Treatment and Prognosis
Simple, but complete surgical excision is curative. Recurrences are practically nonexistent.
INTESTINAL-TYPE ADENOCARCINOMA OF THE SINONASAL TRACT
Terminology
Adenocarcinomas comprise 10 -25% of all malignant tumors of the nasal cavity and paranasal sinuses (86 -91) . Many of these are readily recognized as being of mucoserous (minor salivary) gland origin and can be appropriately subclassified according to standard categories, such as adenoid cystic carcinoma, mucoepidermoid carcinoma, and so on. Others are less familiar and present histologic patterns that resemble adenocarcinoma of the colon or, in some instances, villous adenomas (92, 93) . A few may even resemble normal small intestinal mucosa (94 
Etiology
Although ITACs are uncommon, they have generated interest not only because of their unusual histologic appearance but also, epidemiologically, as a result of their association with occupational exposure to wood and, occasionally, leather dust (95) (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) (108) (109) .
The tumor came into prominence in the 1960s when Hadfield astutely observed an increased incidence of adenocarcinomas of the sinonasal tract among woodworkers employed in the furniture industry of Oxfordshire and Buckinghamshire, England. Hadfield's observation was initially reported by a colleague, Macbeth, in 1965 and subsequently verified by others (110 -114) . It soon became apparent that the risk for developing ITAC was not limited to these geographic areas but also involved woodworkers in many other countries (98, 99, 102, 104, 106, 108, 115, 116, 118) .
In a review of 5785 patients with sinonasal malignant tumors from 17 countries, Mohtashamipur et al. (99) observed that 23% were woodworkers and, of these, 64% had adenocarcinomas. The risk for developing ITAC in the furniture worker exposed to wood dust is 70 -500 times that of the nonwoodworker (95, 109) . Dust particles Ն5 m in size and primarily from the hardwood trees beech, oak, and mahogany are thought to be responsible for the tumor, rather than the lacquers, varnishes, and adhesives applied to the furniture. The inhaled particles are concentrated in the anterior portion of the nasal septum and middle turbinate, where they induce cuboidal or squamous metaplasia with impairment of the mucociliary clearance mechanism (112, 119) . This results in prolonged mucosal contact of the dust.
The carcinogen in wood dust still has not been identified. Speculation has centered on (1) simple chronic mechanical irritation of the dust particles; (2) intrinsic chemical substances normally present in wood such as alkaloids, saponins, resins, fungal proteins, and so on; and/or (3) extrinsic chemicals (pesticides and preservatives) applied to trees, during growth and harvesting.
The average interval from first dust exposure to the appearance of ITAC is 40 years (range, 7-69 years) (99) . The length of dust exposure has been highly variable. In one of Hadfield's original patients, the length of exposure was only 18 months (112). This, however, seems to be a singular experience. The length of dust exposure in other studies has ranged from 5 to 55 years (105). The risk for ITAC does not appear to decrease for at least 15 years (maybe more) after termination of occupational exposure (120) .
Although the majority of tumors associated with wood dust exposure are ITACs, there is also an increased incidence of squamous cell carcinomas, especially among woodworkers in Japan (121) . Interestingly, in contrast with ITACs, which are associated with hard wood exposure, squamous cell carcinomas and undifferentiated carcinomas are more common in individuals exposed to dust from soft woods (pine and spruce) (105, 122) .
It has also been suggested that workers with an occupational exposure to wood dust may also be at risk for developing other malignancies. Among these are Hodgkin's disease and carcinomas of the skin, gastrointestinal tract, and lungs, to mention a few (99, 105) .
Clinical Features
ITAC can be divided clinically into two categories: those related to occupational exposure (O-ITAC) and those that occur sporadically (S-ITAC) without a known history of occupational exposure. There may be differences between the two. According to Barnes (123) , O-ITAC arises primarily in the nasal cavity and ethmoid sinus region, and 85-95% of patients are men. The male predominance is probably related to the fact that very few women are employed as woodworkers. S-ITAC, on the other hand, may also occur in the same site(s) as the O-ITAC but is relatively more common in the maxillary sinus. In addition, S-ITAC occurs equally between the two sexes. The average age at diagnosis for both types is about 58 years (range, 12-86 years).
Although almost all ITACs occur in the sinonasal tract, they are not unique to this site. Spiro et al. (124) have described three arising in the oral cavity: one in the palate, one in the floor of the mouth, and one in the cheek-lip area. Lopez and Perez (125) have also reported another case in the pharynx.
The most common presenting symptom is unilateral nasal obstruction, followed by epistaxis and purulent or clear rhinorrhea (92, 123, 126 -130) . Larger, more extensive tumors may result in facial pain, mass of the cheek, proptosis, and visual and/or neurologic symptoms. Cervical lymph node and distant metastases are rarely present at the time of initial presentation.
On physical exam, the tumors are polypoid, papillary, or nodular and dark red, gray-white, or pinkgray. Most are friable. Some are ulcerated and hemorrhagic, whereas others are mucoid.
Barnes (123) has described one patient with an advanced tumor of the maxillary sinus that was associated with a pretreatment borderline abnormal serum level of carcinoembryonic antigen. Whether this laboratory test has any role in monitoring the course of the disease is uncertain.
Radiography
Radiologic studies are essential in determining the extent of disease and the operative approach. Early lesions will show only a soft tissue mass with little, if any, evidence of bone destruction. Other tumors may be associated with considerable osteodestruction and invasion of contiguous structures such as the orbit and cranial cavity. A few may even involve the contralateral sinonasal tract.
As the tumor enlarges, it may interfere with drainage of nearby sinuses. The ensuing obstructive sinusitis then may interfere with optimal preoperative evaluation and staging.
Pathology
Several histological classifications of ITACs have been proposed (117, 123, 130, 131) . The one proposed by Kleinsasser and Schroeder, however, seems to be gaining acceptance for its ease of use, reproducibility, and clinical correlation (132) . According to them, ITACs can be subclassified into four categories: papillary tubular cylinder cell (PTCC), alveolar goblet cell, signet ring cell, and transitional. They further divided their PTCC variant into three additional subtypes: I (well differentiated), II (moderately differentiated), and III (poorly differentiated). In a collective review of 152 ITACs either initially classified and/or reclassified according to this scheme, 27 (18%) were PTCC I, 54 (36%); PTCC II, 31 (20%); and PTCC III, 19 (13%) alveolargoblet cell, 5 (3%) signet ring cell, and 16 (11%) transitional (123, (131) (132) (133) .
The PTCC I (well differentiated, also known as papillary type) is characterized by fibrovascular fronds and glands (tubules) covered and/or lined by tall nonciliated, columnar (cylinder) cells (Fig.  8) . The columnar cells may be polarized, with their long axes perpendicular to the basement membrane, or stratified and crowded. These cells have pink cytoplasm and round to oval nuclei that vary from vesicular to hyperchromatic, with or without nucleoli. In some tumors, goblet cells are found admixed with columnar cells in a ratio similar to that seen in the intestine. In others, the fronds may be covered exclusively by columnar or goblet cells. Mitoses may or may not be prominent. The background of papillary tumors is often 'dirty,' appearing hemorrhagic, necrotic, and inflammatory.
Although some papillary tumors are clearly invasive, others remain noninvasive (in situ) over a broad front much like papillary urothelial carcinoma in situ of the urinary bladder. A few are rather bland cytologically and may resemble a villous adenoma or even normal intestinal mucosa, yet are locally aggressive and destructive.
The PTCC II (moderately differentiated, also known as the colonic type) is composed of well to moderately differentiated glands and more closely resembles adenocarcinoma of the large intestine than does any of the other variants (Fig. 9) . At times, one may also see cystic (glandular) spaces with intracystic papillary projections.
The PTCC III (poorly differentiated, also know as the solid type) is composed of a diffuse proliferation of smaller, more cuboidal cells with amphophilic to pink cytoplasm, occasionally with mucin droplets, and round, vesicular nuclei, often with nucleoli. There is little attempt at gland formation.
The alveolar-goblet cell (also known as mucinous type) is characterized by glands distended with mucus or individual glands and/or strips of epithelium with admixed goblet cells lying in pools of mucus (Fig. 10) .
The signet ring variant (also known as mucinous type) is composed of small groups or isolated signet ring cells floating in pools of mucus. No strips of epithelium are apparent.
The transitional cell type (also known as mixed type) is composed of two or more of the preceding growth patterns.
ITAC, regardless of histologic type, may contain Paneth and enterochromaffin cells as well as a muscularis mucosa. The enterochromaffin cells may express a variety of peptides, including gastrin, glucagon, serotonin, cholecystokinin, and leu-enkephalin (93, 126, 127) . Although Schmid et al. (93) describe an ITAC that was associated with an elevated serum level of somatostatin, these tumors virtually never produce a clinically significant endocrine syndrome.
Recurrent ITACs may manifest the histologic identity of the original tumor or they may recur and/or convert into another histologic pattern. If they do transform, the transformation is usually to one of the more aggressive types.
The most common histologic types of ITACs seen in woodworkers, as well as in sporadic cases, are the PTCC variants (123, 132) .
ITAC, particularly the PTCC I, clearly arises from the mucosa of the sinonasal tract (123, 124, 134, 135) . Whether others also arise from the mucosa or from mucoserous glands and/or their ducts is uncertain. On the basis of the work of Cheng and Leblond and of Kirkland, it has been suggested that multidirectional differentiation of a common stem cell could account for the variety of cells (Paneth, endocrine, absorptive, goblet) observed in ITAC (94, 136, 137) . The stem cell, either by direct transformation or by induction of adjacent mesenchyme, might also give rise to the muscularis mucosa noted in a few tumors.
The similarity of ITAC to intestinal tumors extends beyond the light-microscopic to the ultrastructural and, to some extent, the immunohisto- chemical level (93, 94, 126, 138) . Batsakis et al. (126) observed glycocalyceal bodies in their ultrastructural evaluation of an ITAC of the nasal cavity. These structures are thought to be important in identifying tumors of intestinal epithelium or tumors arising from metaplastic intestinal-type epithelium. The immunohistochemical profile of ITAC is discussed in the next section of this article.
Although ITAC and colorectal adenocarcinoma are histologically similar, Wu et al. (139) have found important differences at the genetic level based on expression of K-ras-2 and p53. In contrast to colorectal adenocarcinoma, which demonstrates K-ras-2 mutation in about 50% of cases, ITACs show no evidence of this mutation. Wu et al. also noted that only 18% of ITACs show p53 mutations, compared with Ͼ75% observed in colorectal adenocarcinomas (139) .
Differential Diagnosis
The differential diagnosis includes a metastasis from a gastrointestinal carcinoma, papillary rhinosinusitis, and papillary adenocarcinoma of the nasopharynx.
Metastases to the nasal cavity and paranasal sinuses from a primary adenocarcinoma of the gastrointestinal tract are not common (140, 141) . In a study of 82 tumors metastatic to the maxilla, nose and paranasal sinuses, Bernstein et al. (140) found the most common sites to be the kidney (40 cases), lung (10 cases), breast (8 cases), testis (6 cases), gastrointestinal tract (5 cases; 2 stomach, 2 colon, and 1 rectum), uterus (4 cases), thyroid (3 cases), adrenals (2 cases), cutaneous melanoma (2 cases), and pancreas (2 cases). The maxillary, ethmoid, and frontal sinuses and nasal cavity were involved in descending order. In some of these patients, the head and neck metastasis was the initial manifestation of an otherwise clinically occult carcinoma. For this reason, examination of the gastrointestinal tract in all patients with ITAC, especially the PTCC II (colonic) variant, would seem prudent, although in the absence of relevant signs and symptoms, such studies will generally prove negative.
Immunohistochemical stains for chromogranin, neuron-specific enolase (NSE), and carcinoembryonic antigen (CEA) may offer some limited help in distinguishing ITAC from metastatic colorectal adenocarcinoma. Because ITACs tend to contain more endocrine cells than colorectal adenocarcinomas, they will usually show a more diffuse and stronger intensity when stained for chromogranin and NSE (138) . In contrast, colorectal adenocarcinomas are diffusely and strongly positive for CEA, whereas ITACs tend to show only focal, weak reactivity (138).
Staining for cytokeratin 7 is also helpful in distinguishing ITAC from metastatic adenocarcinoma of the colon (142) . ITAC is consistently positive for this marker, whereas adenocarcinoma of the colon is negative.
Sinusitis, at times, may have a papillary configuration, but in these instances, the papillae are short and blunt and not highly branched, as one sees in some ITACs. In addition, the background is 'clean' in papillary rhinosinusitis, the basement membrane is often thick and hyalinized, the surface cells are ciliated and free of dysplastic changes, and the stroma often has a prominent component of eosinophils.
Distinguishing P-ITAC from papillary adenocarcinoma of nasopharynx (PACN) may be more problematic. P-ITAC, in contrast to PACN, occurs primarily in the nasal cavity and paranasal sinuses and is often (not invariably) associated with an occupational exposure to wood dust. P-ITAC also tends to be less glandular and more papillary. Rather than cuboidal cells, the papillae are covered by tall columnar and goblet cells, the latter of which are sparse to absent in PACN. P-ITAC may also contain Paneth cells and scattered endocrine cells that may express somatostatin, gastrin, serotonin, and/or other secretory substances on appropriate staining. Such cells are not seen in PACP. Last, PACP tends to be associated with a hemorrhagic, inflammatory background and often recurs after therapy. PACP, in contrast, has a 'clean' background and rarely recurs.
Treatment and Prognosis
The clinical course of ITAC is characterized by repeated local recurrences (53%) with ultimate invasion of the orbit and cranial cavity but little tendency toward cervical lymph node (mean, 8%; range, 0 -22%) and systemic metastasis (mean, 13%; range, 0 -29%) (38) . Tumor necrosis with sepsis is often a problem and may be life threatening. In a review of 213 ITACs, Barnes noted that at least 60% of the patients were known to have died of their disease (123) . Of those dying, 80% did so within 3 years of diagnosis. Some patients, especially those with PTCC I, may have a slow, 'smoldering' disease, only to die of their tumor 10 or more years later.
The 3-year cumulative survival rates according to histological type are 82% for PTCC I, 54% for PTCC II, 36% for PTCC III, 48% for alveolar-goblet cell, 0% for signet ring cell, and 71% for transitional (132) .
Perez et al. (143) studied 31 patients with adenocarcinomas of the ethmoid sinus (25 of which had been in contact with wood dust for 3-50 years) for the presence of ras gene mutations. H-ras was found to be mutated in 5 (16%) cases and was associated with a poor prognosis. The metastasis, however, could not be correlated with tumor stage, histologic type, or the patient's previous exposure to wood dust.
Treatment consists of surgical excision using a lateral rhinotomy or, at times, even a cranial base approach. The use of radiotherapy is dictated by the extent and resectability of the tumor. An elective neck dissection is not warranted.
Prognosis depends on the histologic type, degree of differentiation, stage of the disease, and the adequacy of resection margins. PTCC I has the best prognosis. It may recur but rarely metastasizes. The other types are more virulent, with a greater propensity for dissemination. Over the course of time, a few tumors may change from one histologic type into another. This may be an ominous finding, signaling a tumor with increased aggressiveness.
Woodworkers seem to have a better prognosis than those individuals with sporadic ITAC. This probably relates to the fact that the woodworker is under heightened surveillance for this tumor and that in this group, the tumors are more often found in the nasal cavity or ethmoid sinus and can therefore be detected earlier by the patient. In contrast, patients with sporadic tumors are not in early detection programs and have neoplasms that are relatively more common in the maxillary sinus, which are difficult to detect early.
PAPILLARY ADENOCARCINOMA OF THE NASOPHARYNX
Terminology
The vast majority of malignant tumors of the nasopharynx are either keratinizing or nonkeratinizing squamous cell carcinomas or malignant lymphomas (144, 145) . Adenocarcinomas are uncommon, constituting Յ6% of all malignancies; and, of these, most are derived from the mucoserous (minor salivary) glands and can be classified according to standard categories (adenoid cystic carcinoma, mucoepidermoid carcinoma, and so on) (144) . Exceptionally, adenocarcinomas may also arise from the mucosa, and when they do, they are typically papillary and are referred to as papillary adenocarcinomas of the nasopharynx (146, 147) .
Clinical Features
PACN are slightly more common in males (60%) and occur in individuals from 11 to 64 years of age (median, 33 years) (146, 147) . Most present with airway obstruction. Other less common symptoms include serous otitis media with or without hearing loss and postnasal drip with blood-tinged sputum. Rarely the tumor may be an incidental finding after adenoidectomy.
PACN are typically confined to the nasopharynx and, on physical examination, present as exophytic or pedunculated masses with a papillary, nodular, or cauliflower-like appearance. The tumors range from 0.3 to 4.0 cm and most often involve the roof, lateral, or posterior walls of the nasopharynx.
There are no known risk factors associated with the development of this tumor. None of the patients thus far has had a significant history of tobacco or alcohol abuse or occupational, environmental, or radiation exposure (146) .
Pathology
The tumors arise from the surface epithelium of the nasopharynx and may remain in situ or become invasive. They are characterized by papillary and glandular growth patterns (Fig. 11) . The papillae have fibrovascular cores and often show arborization, whereas the glands have a back-to-back, often cribriform arrangement. Both papillae and glands are covered or lined by one or more layers of cuboidal to columnar cells with pink cytoplasm and round to oval nuclei that vary from hyperchromatic to optically clear. Mild to moderate nuclear pleomorphism may be seen, but nucleoli, mitoses, and necrosis are uncommon. A few tumors may also contain psammoma bodies. Vascular, lymphatic, or neural invasion are not seen.
PACN typically contain periodic acid-Schiff, diastase-resistant intracytoplasmic granules and stain focally positive for intracellular or luminal mucin (146) . They are also diffusely reactive for cytokeratin and epithelial membrane antigen and focally positive for carcinoembryonic antigen. They are negative for glial fibrillary acidic protein, S-100 protein, and thyroglobulin.
Differential Diagnosis
The differential diagnosis includes papillary thyroid carcinoma, papillary variant of intestinal-type adenocarcinoma (P-ITAC), and low-grade papillary adenocarcinoma of salivary gland origin (LGPASO).
Because of the papillae and the occasional presence of psammoma bodies and optically clear nuclei, PACN can easily be mistaken for metastatic papillary thyroid carcinoma. PACN, however, are negative for thyroglobulin and will typically show dysplasia or in situ changes of the surface epithelium.
Distinguishing P-ITAC from PACN may be more problematic (123, 125) . P-ITAC, in contrast to PACN, occurs primarily in the nasal cavity and paranasal sinuses and is often (not invariably) associated with an occupational exposure to wood dust. P-ITAC also tends to be less glandular and more papillary. Rather than cuboidal cells, the papillae are covered by tall columnar and goblet cells, the latter of which are sparse to absent in PACN. P-ITAC may also contain Paneth cells and scattered endocrine cells that may express somatostatin, gastrin, serotonin, and/or other secretory substances on appropriate staining. Such cells are not seen in PACP. Last, PACP tends to be associated with a hemorrhagic, inflammatory background and often recurs after therapy. PACP, in contrast, has a 'clear' background and rarely recurs.
LGPASO occurs almost exclusively in the oral cavity, especially the palate (148, 149) . Furthermore, it arises submucosally from minor salivary glands rather than from the surface, as does the PACN. Staining for S-100 protein may also be helpful. Thus far, PACN have been S-100 protein negative, whereas LGPASO are usually positive (146, 150) .
LGPASO are also more aggressive, with frequent local recurrence (27%), and, at times, lymph node metastasis (17%) (150) .
Treatment and Prognosis
PACN is a slow-growing, indolent neoplasm that rarely recurs and has thus far not metastasized to either cervical lymph nodes or more distant sites. The treatment of choice is surgery, using a transpalatal approach. Wenig et al. (146) describe one case that was treated initially with full-course radiotherapy. The tumor recurred within months after treatment. The patient subsequently underwent surgical excision and was reported free of disease 11 years later. This singular experience certainly casts doubts on the efficacy of radiation therapy.
LOW-GRADE PAPILLARY ADENOCARCINOMA OF THE TEMPORAL BONE
Terminology
In 1988, Gaffey et al. (151) described a 29-yearold woman with a histologically bland but locally destructive tumor of the temporal bone and reviewed nine similar cases identified retrospectively in the English language literature. The authors speculated that the tumor arose from the middle ear mucosa and proposed the term aggressive papillary middle ear tumor.
As experience with the tumor accumulated, it became apparent that the middle ear was not always involved, thus casting doubt on its alleged origin from this site (152) . In a review of 20 additional cases, Heffner (153) concluded that the tumor actually arose from the endolymphatic sac and only secondarily involved the middle ear. He, therefore, suggested the term low-grade adenocarcinoma as being more appropriate because it called attention to its potential aggressive behavior and eliminated all reference to the previous misconception that it arose from the middle ear.
Other names that have been applied to this tumor include papillary adenoma (154, 155) , aggressive papillary tumor (156) , low-grade papillary adenomatous tumor (157) , endolymphatic sac tumor (158, 159), Heffner's tumor (160, 161) , adenocarcinoma (162) (163) (164) (165) (166) (167) , and papillary adenocarcinoma (168) . In this review, low-grade papillary adenocarcinoma (LGPA) will be used.
Clinical Features
LGPA is a slowly growing, locally aggressive tumor of the temporal bone that has been described in patients from 15-71 years of age (average, 41 years) (151, 153) . It affects both sexes about equally. In a collective review of 30 cases, 13 occurred in males and 17 in females (151, 153) .
There is no significant lateralization of the tumor to either side of the body. Of 20 cases in which the side of origin was indicated, 8 involved the right ear, 11 the left ear, and in the remaining case, the side was not indicated (153) . Bilateral lesions, either synchronous or asynchronous, have been described but are exceptional and should always arouse suspicion of von Hippel-Lindau disease (see discussion later in this article) (156) .
Unilateral hearing loss (usually sensorineural, occasionally conductive, rarely mixed), tinnitus, otitis, and/or vertigo of 6 months to 22 years duration are the usual presenting symptoms. Some also manifest with facial nerve paralysis.
Physical examination may be unremarkable or may reveal a blue or red mass behind an intact, sometimes perforated tympanic membrane. Occasionally the tumor may even project into the external auditory canal (159) .
LGPA and von Hippel-Lindau Disease Von Hippel-Lindau disease (VLD) is an autosomal-dominant disorder characterized by a variety of abnormalities, chief of which include he-mangioblastomas of the retina, cerebellum, medulla oblongata, and spinal cord; hemangiomas of the liver and kidney; renal cell carcinoma; and cysts of the pancreas and kidney. Linkage studies have mapped the VLD gene to the short arm of chromosome 3, and a mutated tumor suppressor gene has been identified in both normal and neoplastic tissue from VLD patients (169, 170) .
Recently, it has been shown that LGPA may be another, albeit infrequent, manifestation of VLD (154, 156, 159, 171) . According to Gaffey et al., Ն15% of all LGPAs are associated with VLD (171). This is especially so if the tumors are bilateral (159).
Radiography and Angiography
Radiologic studies typically show a lytic temporal bone lesion, often with extension into the posterior cranial cavity, manifesting as a cerebellopontine angle neoplasm (153) . The epicenter of the lesion lies at or near the posterior-medial surface of the temporal bone.
According to Megerian et al. (159) , LGPA may extend along four pathways from its endolymphatic sac origin. In order of frequency, they generally progress (1) posteriorly to the cerebellopontine angle and posterior fossa, (2) laterally via the mastoid cell tract to the middle ear and external auditory canal, (3) superiorly toward and into the middle cranial fossa, and (4) medially along the petrous ridge to the clivus and cavernous and sphenoid sinuses.
Angiograms show the tumor to be highly vascular with a dual extracranial and intracranial blood supply (151) . As a result, it is often mistaken for a jugulotympanic paraganglioma.
Pathology
Histologically, the tumor is composed of papillarycystic components (Fig. 12) . The papillae are well vascularized and covered by a single layer of cuboidal cells, which have clear to pink cytoplasm and uniform round nuclei. Cellular pleomorphism and mitoses are absent. The cystic spaces characteristically contain pink colloid-like material, imparting a thyroid-like appearance. The secretory material is strongly positive with the periodic acid-Schiff stain and negative with mucicarmine. Areas of closely packed glands, fibrosis, hemorrhage, and cholesterol clefts may also be seen.
The epithelial cells contain glycogen but no intracytoplasmic mucin. On immunostaining, they are strongly positive for keratin; variably positive for S-100 protein (20 -61% positive), glial fibrillary acidic protein (20 -40% positive), and synaptophysin (30% positive); and negative for thyroglobulin (153, 172) . The cells are also usually positive for epithelial membrane antigen, NSE, and vimentin.
Differential Diagnosis
The differential diagnosis includes middle ear adenoma, jugulotympanic paraganglioma, metastatic papillary thyroid carcinoma and renal cell carcinoma, and choroid plexus papilloma-carcinoma.
Middle ear adenomas are not papillary and do not invade or destroy bone as one sees in LGPA. Because of its hypervascularity on angiogram,
LGPA is often confused clinically for a jugulotympanic paraganglioma (JTPG). JTPGs are not papillary-cystic, and LGPAs do not show the characteristic 'Zellballen' arrangement of cells as one sees in a JTPG. In addition, LGPA is keratin-positive, whereas the JTPG is keratin negative.
Metastatic papillary carcinoma of the thyroid can be excluded by the fact that LGPAs are negative for thyroglobulin and do not show the nuclear characteristics of papillary thyroid carcinoma ('ground glass' nuclei, nuclear grooves, nuclear inclusions of cytoplasm).
Metastatic renal cell carcinoma may be the most difficult entity to exclude, especially because both LGPA and renal cell carcinoma can contain clear cells, glycogen, and papillary-cystic areas. Immunohistochemical stains may offer some help.
LGPAs are sometimes positive for S-100 protein (20 -61%), glial fibrillary acidic protein (20 -40%), and synaptophysin (30%) (153, 172) . Renal cell carcinomas are negative for glial fibrillary acidic protein and synaptophysin and, according to Medeiros et al. (173) , only 2% are positive for S-100 protein. Perhaps the best way to distinguish between the two is to obtain a computerized tomogram of the kidneys.
Choroid plexus papilloma and carcinoma almost always originate within the ventricles of the brain, whereas LGPAs are typically extradural. Staining for transthyretin may also be helpful. According to Megerian et al. (172) , LGPAs are characteristically negative, or at most, weakly positive for this marker, whereas choroid plexus lesions are positive. Otherwise, there is too much overlap in immunohistochemical stains (keratin, epithelial membrane antigen, NSE, glial fibrillary acidic protein, and vimentin) to allow one to distinguish between these two neoplasms with confidence (174 -179) . Knowledge of the clinical and radiologic findings may be the best way to separate LGPA from a choroid plexus tumor.
Treatment and Prognosis
Complete surgical excision, if possible, is the treatment of choice. Radiation is largely untested but has been ineffective in the few cases in which it has been used (151) .
Intraoperatively, the surgeon usually observes a blue, red, or white hypervascular, nonencapsulated lobular mass that often encases the ossicles and facial nerve. Though encased, the latter structures can often be dissected free without sacrifice. Bleeding may be profuse. Despite frequent intracranial extension, invasion of the brain has only been documented in one instance (151) .
Of 30 cases contained in the reviews of Gaffey et al. (151) and Heffner (153) , 70% of the patients at last follow-up were alive with no evidence of disease, 7% were alive with disease, 13% were dead of disease, and 10% were lost to follow-up. Twenty percent of the patients experienced recurrence after initial attempts at excision. Although the tumor is rare and a large series of cases with long-term follow-up is not available, experience thus far indicates that LGPA is only a locally destructive tumor with little, if any, capacity to metastasize.
